Abstract. A simple model of nucleons coupled to angular momentum zero (s-pairs) occupying the valance shell of a semi-magic nuclei is considered. The model has a separable, orbit dependent pairing interaction which dominates over the kinetic term. It is shown that such an interaction leads to an exactly solvable model whose (0 + ) eigenstates and energies can be computed very easily with the help of the algebraic Bethe ansatz method. It is also shown that the model has a supersymmetry which connects the spectra of some semimagic nuclei. The results obtained from this model for the semimagic Ni isotopes from 58 Ni to 68 Ni are given. In addition, a new and easier technique for calculating the energy eigenvalues from the Bethe ansatz equations is also presented. We consider the s-pairs of the same kind of nucleons (either protons or neutrons) occupying the valance shell of a semi-magic nuclei and interacting with an orbit dependent separable pairing force as described by the Hamiltonian
We consider the s-pairs of the same kind of nucleons (either protons or neutrons) occupying the valance shell of a semi-magic nuclei and interacting with an orbit dependent separable pairing force as described by the Hamiltonian 
The orbit dependence of the pairing force is described by the dimensionless constants c j while the overall strength of the pairing term against the kinetic term is measured by the constant |G| which has the dimension of energy. In writing the Hamiltonian (1), we use the quasispin operators which are given by [1] 
Quasispin operators obey the angular momentum commutation relations
i.e., one has an angular momentum algebra for each orbit j such that those angular momenta corresponding to different orbits commute with one another. Note that Eq.
where Ω j = j + 1/2 is the maximum number of s-pairs which can occupy the orbit j. This tells us that the quasi-spin algebra corresponding to the level j is realized in the Ω j /2 representation.
Here, we are interested in the limit of the pairing Hamiltonian in which all the single particle energy levels become degenerate. In this degenerate limit, the pairing Hamiltonian has two interesting properties which are discussed in this talk: 1) It is exactly solvable and 2) it is invariant under a supersymmetry transformation which connects the spectra of different isotopes or isotones. Note that the pairing Hamiltonian is also exactly solvable away from the degenerate limit (i.e., with different single particle energy levels) but only in the presence of two orbits [2] . From this solution, we know that the supersymmetry mentioned above is broken away from the degenerate limit.
We begin by noting that in the degenerate limit, the one body term of the pairing Hamiltonian is reduced a constant proportional to the total number of pairs which can be discarded. Therefore, in the degenerate limit, the pairing Hamiltonian becomeŝ
This tells us that the degenerate limit of the pairing Hamiltonian can also be viewed as the strong pairing limit. Exact eigenvalues and eigenstates of the Hamiltonian given in Eq. (4) were obtained in Refs. [3, 4, 5] (see Ref. [6] for the eigenvalues of the quantum invariants of this Hamiltonian). Following these references, we introduce the operators
These operators respectively create and annihilate a single pair of nucleons in the valance shell in a certain distribution over the single particle energy levels described by the complex parameter x. The eigenstates of the pairing Hamiltonian in the degenerate limit can be written in terms of these operators. For example, in Ref. [7] Talmi has showed that, in the presence of one pair of nucleons in the valance shell,
is an eigenstate-eigenvalue pair of the Hamiltonian (4). Additional eigenstates with one pair of nucleons can be found by considering a more general Bethe ansatz state in the form ofŜ + (x)|0 . In fact, using the quasi-spin angular momentum algebra given in Eq.
, it is easy to show thatŜ
is an eigenstate-eigenvalue pair of the Hamiltonian (4) if the parameter x is a solution of the Bethe ansatz equation
Note that Eq. (8) may have several distinct solutions in which case we have a zero energy eigenstate in the form of Eq. (7) for each solution. It is worth to emphasize at this point that all the energies are calculated with respect to the core and that we have ignored the one body term in the Hamiltonian.
These considerations generalize to the case of several pairs occupying the valance shell. Let us denote the maximum number of pairs which can occupy the valance shell by N max . If the shell is occupied by N pairs such that N ≤ N max /2 then the pairing Hamiltonian given in Eq. (4) has some eigenstates with nonzero energy and some eigenstates with zero energy, similar to the one pair case discussed above [3, 4, 5] . The nonzero energy eigenstates together with their energies are given bŷ
where the parameters z 1 , z 2 , . . ., z N−1 are solutions of the set of Bethe ansatz equations
for m = 1, 2, . . ., N − 1. Similarly, the zero energy eigenstates are given bŷ
where the parameters x 1 , x 2 , . . ., x N are solutions of the Bethe ansatz equations
for m = 1, 2, . . ., N. Note that the Bethe ansatz equations given above for both the nonzero energy eigenstates and the zero energy eigenstates may have several distinct sets of solutions. In such a case, each solution set gives us an eigenstate-eigenvalue pair when substituted in the relevant formulas. In particular, if the zero energy Bethe ansatz equations have more than one solutions then the zero energy level is degenerate.
Let us now consider a valance shell which is more than half full, i.e., N > N max /2. One can, in principle, extend the formulas (9) (10) (11) (12) for N > N max /2. But in this case one frequently encounters one of the following two problems: 1) The Bethe ansatz equations given above yield no solutions or 2) the Bethe ansatz equations do yield solutions but the corresponding states vanish identically. For this reason, it is more reasonable to use hole pairs instead of nucleon pairs to describe a valance shell which is more than half full.
The pairing Hamiltonian given in Eq. (4) is invariant under a supersymmetry transformation which transforms the spectrum of a nuclei with N pairs of valance nucleons (N ≤ N max /2) to the spectrum of a nuclei with N − 1 pairs of valance holes. In order to describe this symmetry, let us first introduce the particle-hole transformation operator
T † transforms the empty valance shell |0 into the fully occupied valance shell |0 and the pair creation-annihilation operators into each other, i.e.,
Therefore, it transforms a state containing N particle-pairs into states containing N holepairs. However, there is no particle-hole symmetry in the problem described by the pairing Hamiltonian as can be easily verified by showing that H D ,T = 0. On the other hand, if we define the operatorŝ
then it is easy to show thatB + andB − commute with one another
and that the pairing Hamiltonian given in Eq. (4) can be written aŝ This tells us that the problem described by the pairing Hamiltonian in the degenerate limit possesses a quantum mechanical supersymmetry. Since the operatorsB + andB − commute with each other, the HamiltonianĤ D is equal to its own supersymmetric partner. As a result, if the state |ψ is an eigenstate of the HamiltonianĤ D with a nonzero energy, then the stateB − |ψ is also an eigenstate ofĤ D with the same energy. Zero energy states, however, are annihilated byB − and do not transform under the supersymmetry. It is easy to see from the definition ofB − given in Eq. (15) that if the state |ψ has N particle-pairs, then the stateB − |ψ has N − 1 hole-pairs. Because the operatorB − first annihilates one particle-pair and then turns the remaining N − 1 particle-pairs into hole-pairs. Consider, for example, the nonzero energy eigenstate with one pair of particles given in Eq. (6). Using Eqs. (14) and (17), one can easily show that
Consequently, the statesŜ + (0)|0 and |0 (i.e., the fully occupied valance shell) have the same energy eigenvalue given by Eq. (6). On the other hand, the zero energy eigenstates described by Eqs. (7) and (8) are annihilated byB − . Similarly, the nonzero energy eigenstates with N pairs of nucleons described in Eqs. (9) and (10) 
